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Absbact 

The SVX data acquisition system includes three 
components: a F&bus Sequencer, an SVX Rabbit Crate 
Controller and a Digitizer. These modules are integrated into 
the CDF DAQ system and operate the readout chips. The 
results of the extensive functional tests of the SVX mod&s 
am reported. We discuss the stability of the Sequencers, 
systematic differences between them and methods of 
synchronization with the Tevatron beam crossings. The 
Digit&r ADC calibration pro0edw-e NII on the micmsequenca 
is described The microseqocnoer code used for data taking and 
SVX chip calibration modes is described Meeswemcnts of 
the SVX data scan time are discussed 

I. INTRODUCTION 

We discuss some specific aspects of the operation of the 
readout componeots of the Silicon Ve&x Detector[l] for the 
CDF ‘92 nm. The SVX DAQ system handles 46,080 channels 
divided into 24 sectors. This number represents B 50% 
increase over the number of CDF channels in the last run. 
Each sector is read out within a limited time determined by the 
other CDF subsystems. The hardware modules include a 
Fastbus Sequencer, an SVX Rabbit Crate Controller and a 
Digitizer, which have been designed at Fermilab. 

Included are the results of various tests used to quantify the 
performance ofthe system and the methods by which the DAQ 
modules have been implemented into the rest of the CDF 
control system. Event data are temporarily stored in the 
Seque~~ds memory and are then transferred to a Shw Scanner 
Processor[2] (SSP), 8 standard interface to the CDF Data 
Acquisition. Different schemes of reading and buffering the 
event data will be described along with the scan times of each. 
The calibration results for the Digitizers will be discussed A 
description of other features of the modules which wore 
introctuced to enhance the performance ofthe readout will also 
be inoloded 

* Operated by the Universities Research Association under 

Conbxct with the US Department of Energy. 

II. DESCRIP~ON AND TESTING OF THE DAQ 
MODULES 

The boards have been developed in phases, and different 
amounts of time were spent for checkout in each phase. 
Various tests have been performed using specified test 
progmms. The changes indicated by the tests have been 
included in the design of the boards before the next iteration 
was made. while the system was being integrated, new tests 
were developed and used for the identification of pmblems. 

A detail descr#ion of the design of the SVX DAQ readout 
components is presented in another contribution to this 
conference[3]. Here only a brief summary, relevant for the 
commissioning of the system, is presented Some of the test 
msdts of the importance of the operation of the system are 
described for each of the mod&s. 

A. Sequencer 

The Sequencer consists of a 16K data memory. a 16K 
program memory, a microsequencer chip with peripheral 
wnditional control logic, and a 100 MHz clock. The clock 
tiequency is divided by 8 to crate the 80 lls period clock which 
drives the execution of microinstructions. Each 
microhstmction has three logic sections; control of the 
pattern, control of the SVX Rabbit crate and control of 
miorosequencer. Tbe first of them &lines timing signals used 
by the SVX Rev D integrated circuit [4] (SVXD), strobe 
signals to cause the Digit&x to latch data t?om the front end 
into its data registers, and the state of two sets of four signals 
accessible through tiont panel Lemo connectors. The timing 
and latch signals and one set of front panel output signals are 
timed off a p&tan clock which is formed by delaying the main 
clock. A vernier adjustment to wntrol the length of the delay 
is provided by 3 bits of this word These bits and the other set 
of f?oont panel signals are timed by the main clock. The second 
section sends data and cont~o1 signals to the Controller, and is 
timed by the main clock. The third section controls the order 
in which the microsequencer executes these instmctions; 
specifying the branoh address, the condition code, and the 4-bit 
microinstmction code. The states of 32 conditions are 
avaiIahIe for bmach control. 

The data space is divided into 8 2K blocks. There is an 
End Of Block (EOB) register associated with each of these 
blocka. When data words ere sent t?oom the front en4 the 



Sequencer directs the data to the next open Iooation in a 
particular block based upon 3 bits of the data words, and writes 
the address to the a.wxiated EOB register. The Sequencer can 
be read out by F&bus block read of one of the Event Memory 
blocks. when the EOB content for that block is reached, a 
Fastbus SS?? code is generates and no more data words are 
sent by the Sequencer. 

The earliest stage in testing the Sequencer was to run tests 
to identify design problems and errors in stuffing the board 
To this end, a menu-driven program written in Fortran, celled 
SVX~Control[5], was designed It allows commuaication with 
the Sequencer from VAX through QPI, using CDF F&bus 
primitives. Reeds, writes, and comparisons to all registers, as 
well as the interactions among registers can be checked by 
selecting automated test options. Microseqoenoer tests can also 
be seleoted, along with tests of the front panel indicator lights 
and verification of restricted or undefmed CSR registers. 
Additionally some of the Sequencer’s write data cables could be 
connected to reed data inputs to test the integrity of the front 
end crate data handling capabilities. 

‘600 - 

600 

404 

200 

3438 Time(m) 3439 

Fig. 1. Main clock stability. 
Table 1 

Typical delay between main clock and the delayed clock for 
each vernier setting 

vernier measured 
setting delay (ns) 

0 30.80 
1 34.51 
2 40.04 
3 44.22 
4 49.10 
5 55.57 
6 59.44 
7 64.60 

differential 
delay(ns) 

3.71 
5.53 
4.18 
4.88 
6.47 
3.87 
5.16 

multiple times to detemline. the varietion. Ofparticular interest 
was the 43-inst~ction timing, since this is the length of the 
SVXD chip reset and integretion cycles, which demand high 
stability in order that the voltage offset prodwed by the 
intqmtion of leakage current can be aecumtely subtracted The 
result of tbis test is shown in Figure 1. 

We also measured the stability of the pattern clock and 
found that it was es stable as the main clock. This is to be 
expected, since any instability would be due to the veroier 
delay chip and was found to be small. However, we still had to 
tneasure what the magnitude of the delay between the two 
clocks was for each of the eight possible settings. These 
vahm are listed in Table 1. 

Atler verifying that each of the Sequencers separately had 
acceptable timing stability, it was necessary to determine the 
homogeneity of the timing among the four Sequencers plus 
spares that would be used in the whole system. While the 
previous test allowed the intemd clock to run continuously, 
this test provided a common start clock signal to all four 
Sequettcers. The difference in the time between the sending of 
the start signal and the arrival of two different Sequencers at 
instruction 43 is shown in Figure 2. 
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Fig. 2. Time difference for 2 Sequencers to execute 43 
btsbuctions. 

B. Conbder 

The Controller trtmlates function codes &om the Sequencer 
and drives the SVXD timing ~igmls onto the SVX Rabbit 
mate backplane. It can be directed to write or reed individual 
Digitizers, or all Digitizers in the crate. The Priority line 
coming from each wedge to the Digitizer is sent to the Rabbit 
crate backplane. while soamdng the Digitizers’ front end data 
registers, the Controller interprets this signal es an indication 
of the presence of data in at least one Digitizer. It also contains 

AAer the board was debugged, the next step was to test the 
registers that cm be used to mask Digitizers or hold the data 
lines in e DC state. 

timing stability of Sequencer instmctioos. The time required 
to execute a fved number of instructions was measured 

The Controller is responsible for sending two control 
signals to the Sequencer: Read-Done and Data-Ready. If the 



Read_Done signal is low, it indicates that the Controller is 
reading data 6om the crate which will soon be sent to the 
Sequencer. In this .xmIition, the Sequmcer will not accept 
any signals from other elements in the system. While 
Read-Done is low, the signal Data-Ready may be sent. This 
is e pulse that latches the data on the lines into the Sequencer’s 
Event Memory. When Read-Done goes high, it inorements the 
Seqttencer’s Event Memory Address Counter so that the next 
dete word read wiIl go into the next data space location. This 
also ittdicetes that the Controller is now asserting the priority 
lines from the detector. 

By writing data to the Controller’s registers, reading the 
dete back, and checking the data space locations to which the 
data should have been written, we are able to simultieously 
test the functioning of the Controller registers and the timing 
of the Read-Done aud Data_Reedy signals. Other features of 
the ControlIcr, such BS its ability to mask off selected 
Digitizers or hold the data lines in B DC state, arc tested in 
symphony with the Digit&r tests that follow. 

C. Digitier 

The Digitizer board picks up the SVXD timing signals 
6om the backplane and drives them to the wedge to which it is 
corrected It contains one 12-bit analog to digital converter 
(ADC), which accepts signals t?om the detector in the range 
between +5V and -5V. It also has three digital to analog 
converters @AC). Two of the 12-bit DACs provide charge 
injection for the detectors. The third DAC is used to subtract a 
given offset from the analog signal from the detector, which is 
then sent through a variable gain of 0.625 to 8.125, cdjostable 
in 0.625 increments. Filly, the signal is digitized by the 
ADC and latched into B data register. Digital si@ received 
from the wedge, such as hit position, erc also latched into the 
dete registers. To each data word sent to the Controller, the 
Digitizer also appends an imlicstion of its position in the crste. 

The first Digitizer tests, which also were automated in the 
SVX-Control environment, were write, reed, and comparison 
of data for all its registas. Registers could be accessed either 
through Fastbus writes to addresses mapped into the 
Sequencer’s CSR space, or through execution of 
microsequencer programs using the 32-bit wide front end crate 
control registers. Function codes sent to the Controller can 
call for a Digitizer to be addressed imiividually by slot number, 
or ss part of a scan of all the Digitizers in a orate. All 
combinations of these features are selectable t?om the 
SVX~Control test menu. 

The process of understanding the calibration of the SVX 
readout system began with the tests of the ADC using the 
voltage generated by the on board DACs. The offset and gain 
of the converters have been trimmed to the minimal values. 
The differertce between the average digitized value end the 
DAC setting as a function of the DAC setting was checked 
As an input to the ADC wc selected each ofthe three available 
DACs. AU data points lie on straight lines imiicatjng that the 
ADC and DAC operate in a linear way. The differences 
between the digitized values and the DAC setting for all three 

DACs used es input to the ADC were contained in the muge 
between 0 and 1 LSB, indicating that the offset and gain have 
been cormctly selected and the digit&d values are equal to the 
DAC setting within 1 LSB. The average value of the error of 
the individul settings was found to be less then 0.02 LSB 
ittdiceting high stehility of the converters. 

There will be more than 24 Digitizers used in the full 
reedout system. It is very important that all of them operate 
with a similar precision. Based on B comparison of the 
measurements of offsets and gains of 5 Digitizers modules we 
confirmed linearity and stability of the system. 

III. SYSTEM IMPLEMENTATION AND OPERATION 

A. Event Acquisition 

The design of the SVX DAQ system wss determined by 
two major factors: the structure of the SVX detector and the 
architecture of the existing data acquisition scheme in CDF. 
‘he SVX will increase the misting number of channels in the 
CDF DAQ by about 50% The SVX detector consists of two 
identical barrels, which contain four coaxial layers of silicon 
strip detectors that arc read out at one end by the SVXD 
chips. Each layer is divided into 12 30-degree sectors 
containing 1920 chennels, cakd wedges. Each wedge is 
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Fig. 3. SVX DAQ System Diagram 

connected to a Digitizer module. The SVX data acquisition 
chain and its integration with the existing CDF DAQ system 
is shown in Figure 3. The Dig&as arc evcrdy distributed in 
4 Rabbit crates mounted on the CDF detector. Each crate has 
one Controller module which interfaces the tiont end system 
with the Fastbus Sequencer module in the counting room. In 
order to minimi ze the event readout times each Sequencer 
module is operated with sn accompanying SSP scanner in B 
separate Fastbus crate. All SVX Fastbus crates arc connected 
to a single cable segment in B Fauout crate. It should be noted 



thet the SVX dete 6om the next run will not be included in the 
Level 1 or Level 2 trigger algorithms. 

The architecture of the corrcnt CDF DAQ acquisition 
system is described in detail elsewherc[6]. A brief description 
of the components which arc relevant to the integretion of e 
new silicon tracking device will be presented Most of the 
existing tracking detectors in CDF use the SSP. The 
scemters cm buffer up to four events in their memories. A 
Fastbus module celled the Trigger Supervisor controls the 
operation of the sca~crs. The Event Builder, e custom 
designed Fastbus module, resds the data from the scaoncrs and 
sends them into the Level 3 system. The Buffer Manager 
manages the date flow between the scamxrs and the online 
computers. 

A process called Run-Control performs event readout, 
detector calibrations cad hardware diagnostics. It controls the 
dete flow and management of hardware devices. Independent 
“consumer processes” access the date for monitoring, 
diegnostics or dete analysis purposes. The oalibretion of the 
subsystems takes place between the runs and is performed in 
two modes: D-Mode (data taking) or X-Mode (scanner based). 
The calibration data arc stored in the CDF calibration data 
base. 

Upon receiving the Start Scan message from the Trigger 
Supervisor each scanner begins execution of the code and sets 
e Done signal on an external connector to e logical false IcveL 
The Start Scan message is written into the CSR address 
SOOOOOOE and carries information such as event number and 
intcmcl buffer number to which the data arc to be written. 
when data collection is completed Done signal is set to e 
logical level true. This is e signal that the event is stored in 
one of tbe four buffcrs and the scaoncr is ready to be read out 
and to accept the next Start Scan message. 

The algorithms for the readout of the SVX Sequencer 
include data acquisition and data calibration modes. During 
data acquisition and D-Mode calibration, the SSPs reed data 
6om each Sequencer’s buffers until an SS=2 code is returned 
Then a check is made between the number of data words 
transferred and the actual number of words written to the 
Sequence~‘s block. In case of e mismatch en error condition is 
reported to the system. The raw data words are then sent 
through the DAQ chain and arc written to disk. 

In X-Mode calibration the rew date words from the 
Sequencers erc sent onIy to the SSPs. In tbc Runtype Database 
the number of triggers and the values of charge injection are 
stored Prior to start of the calibration task the Run-Control 
program downloads these values into the SSP. For each 
channel the scanner accumulates the stun of ADC and 
squared ADC counts as well as the number of events reed 
Aficr collection of the predetined number of triggers, the data 
accumulated by the SSP arc sent the rest of the wey up the 
DAQ chain to be further analyzed by calibration comumcr 
processes. The next set of values is then downloaded to the 
SSP and the process repeats until all desired settings ax 
exhausted This method of calibration runs much faster than 
the D-Mode because it reduces the number of date transfers 
and uses the computing power of the SSP. 

A compact data format was used to describe the digital and 
digitized analog output from the SVXD chip. Each hit is 
described by one 32-bit word The lowest 12 bits arc reserved 
for the ADC information, and 4 bits are not used in the 
lower half word In the upper half word 7 bits are used for 
decoding the channel address, 4 bits are used for the chip 
identification number and top 5 bits arc used for the crete and 
Digitizer number descriptions. The 16-bit control registers are 
reed from the Digitizer or Controller modules using the same 
format and the chip id bits all set high. Data from all the 
Digitizer and Conhuller registers are reed out and appended to 
the rew dete for diagnostics and calibration purposes. 

B. Sjmzhroniurtion with fhe CDF DAQ 

The 53MHz CDF Master Clock generates timing signals 
correlated with the bunch crossing times. The signals are 
called Clear&Strobe or C&S, Start C&S and Stop C&S. 
Their edges ere timed with the 1 IIS resolution relative to the 
bunch crossing. The Master Clock is synchronized with the 
Tevetron Marker once per torn. One turn takes 1113 clock 
cycles or 21 ps. The Tevetron operates with 6 bunches 
alternately spaced by 185 and 186 clock cycles. The C&S 
signal is sent to the Gate Selector and the Start C&S and Stop 
C&S signals are sent to the TS module. From the Gate 
Selector the C&S signal is sent to the fioont end devices. At 
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Fig. 4a. Synchronization of the Sequencer’s operations with 
the SVX-Sync signal. 

the Gate Selector the C&S signal is geted off by the signal 
produced by the TS of the Start C&S and the Stop C&S 
signals. The TS module generates C&S gate signals until e 
Level I Accept signal is received From this moment the C&S 
Gates are not generated Upon arrival of the Level 2 Accept 
signal e Start Scan message is generated and after Done 
signals arc received t?om the scanners the C&S Gates arc 



to be generated et the LRS4222 by control of a Sequenca’s 
signal called Inhibit Clocking during the threshold cycle. 
When the threshold is restored, the synchronizetion 
mechanism is enabled again. 

In the next step e test is done of the Level 2 bigger 
decision by checking the Start Scan Latch signal. Its 
presence initiates the readout cycle and its absence directs 
control to the synchronization subprocess. The Start Scan 
Latch sipI is eutomatically reset when is it checked by the 
execution of e conditional branch microsequencer instruction. 
During the readout cycle the synchrotiation mechanism is 
disabled again until the cycle is ftished To indicate that 
readout is finished, the Sequencer sets a particular bit in one of 
its CSR space registers. Since the SSP continually polls this 
register a6cr sending the Start Scan message, it wiU recognize 
the signal and begin to reed out the Sequencer within -2p.s of 
the bit being set. For non-triggered events, a separate 
integration cycle is performed in the very next 
Star-Clock/Stop-Clock cycle. 

Iv. blTEGRATlON WITH THE SvXIl CHIP 

The SVXD chip is operated by selection of specific 
switch timing sequences generated by an external source, cg. 
the Sequencer. The Sequencer’s programs are written in 
HiLevel Assembly Language Environment (HALE) macro 
meta-assembler. Separate modules as shown in Fig. 5 were 
compiled and linked together to form microsequencer’s 
programs. The structure of the code used for ea event 
acquisition, which includes pedestal, charge injection, leakage 
current monitoring and threshold dctcrmination, is describedin 
suother contribution to this wnfercnce[5]. 

After verifying that the communication among the 
Sequencer, Controller, and Digitizers was fully functional, in 
the next step the Digitizer was connected to a Port Card[l] and 
e set of SVXD chips. It was confumed that the timing signals 
ere being driven out the cable and the digital and analog data 
f?om the SVXD chips are being latched into the Digitizer 
registers correctly. It was also verified that charge injection 
DACs met the specified output range and the Priority logic is 
handledproperly Once tbis integration step was satisfactory, e 
Digitizer was connected to e ladder structure containing the 
SVXD chips microbonded to silicon detectors. Calibration 
data were taken and compared to similar data taken with the 
old Camac system. This verified that the components did not 
introduce additional noise into the system. 

V. ScANTIMEs 

One of the very important oonstraints imposed on the SVX 
DAQ system is the 2 ms limit on the maximum scan time. 
The problem is not easy to solve in e system which consists 
of 46,080 channels. The proposed solution is based on 

Sequenoefs Event Memory to the SSP’s buffer. In other words 
it is the time between the broedcsst of the Start Scan message 
by the TS and the moment the TS receives the Done signal 
from a scatmer. 

The Sequencer seen time is propoxtional to the number of 
bits multiplied by the sum of the duration of the basic chip 
date cycle, called HiLo, the response of the front end modules, 
signal propagation delays and the time required by the 
Sequencer to check if the scan is completed and all the data crc 
reed out from wedges. The Digitizer has two types of data 
registers where the digitized values are stored The tint 
register, AO, is celled the sequential data register. It is 
operated in e sequence where each HiLo cycle is followed by 
a Read Done condition check before the next HiLo sequence is 
generated The duration of this type of a readout cycle includes 
such components as cable delays, ADC conversion time and 
crate scan time. The second register, Al, is celled e pipelined 
data register. It is operated in a sequcncc where a HiLo cycle 
is followed by the crate scan instruction and followed by 
another HiLo cycle, before the previous scan is completed 
The duration of the pipelined readout is determined main@ by 
the length oftbe HiLo cycle plus e small overhead associated 
with checking if the previous scan *es finished and all the 
wedge dete were read out 

Meesurements of the Sequencer scan times have been made 
using e &chip ear board and e 15-&p wedge structure. The 
bout end components were reed out in the pipelined and the 
normal modes. The HiLo cycle was selected to be equal to 
2.08~ when reading the Al register and 2.24~s for the 
register AO. The small difference between the duration of the 
HiLo cycles reflects the optimization of the pipeline readout 
code, that was not possible to be implemented in the normal 
readout mode. The total length of the HiLo signal was selected 
to accommodate the chip response time and the risetimes of 
signals on the cable. Ihe scan time values that correspond to 
two methods of reading the &mt end modules by the Sequcnc~ 
for different number of channels are presented in Table 2. The 
difference of the scam times corresponding to the time needed to 
reed out one chmmel was understood in tcnns of the 250’ cable 
propegetion delays (8OOns), ADC conversion cycle (SOOns), 
crete readout time (1OOns) and the length of the HiLo cycles. 
Based on these numbers an estimate of the readout time of e 
crate with 6 Digitizers was made assuming even occupancy. 
ne values which correspond to 100% and 40% occupancies 
with 1 Digit&r in e crate are the measured values. The other 
values of the Sequencer scan times were found by 
extapolation. In case of the pipeline readout method tbe scan 
times are independent of the number of Digitizers read out, 
This conclusion is valid only if the HiLo cycle k longer than 
the sum of the cable delays, ADC conversion and the crate 
readout times, as will be the case for the upcoming run 

The time required to move data to the SSP cs a fonction 
of the number ofbits can be parametrized by a linear formula 

partitioning the SVX channels into four independently reed The oft&t represents the SSP overhead before the data transfers 
branches (see Fig. 3). The scan time is defmed as e sum of begin and the time required for making e Fastbus connection 
two components: the time required to reed SVXD chips in six between the modules, multiplied by number of blocks to be 
wedges by the Sequencer and the time to move data from the reed out. The slope value is a product of the word transfer rate 



synchronization puposes as well as iin indicatiod of the Ll 
tiger decisions. 
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restored The C&S signal is used bv CDF subwstems for 4). The sigmds: Ra Rb, Rc, Rs control the reset and 
integmtion operations in the SVXD chip. The BX vertical 
linea indicate beam crossing times. The SVX-sync signal is 
sent to a LRS4222, a programmable delay module to g&Rate 
Start-Clock and Stop-Clock signals. These signals cantml the 
opaation of the sequencer’s internal clock. The relative time 
difference selected in the LRS4222 is adjusted to guarantee that 
the same number of instructions are executed between the 
beam crossings. The moment at which the synohronization 
process takes place will be adjusted to a specific pattern of the 
timing signals. It is possible to implement L scheme where all 
the transitions of the switches on the SVXD chip are timed 
off the same edge of tile syachmnization SignaL The awlracy 
of this timing was discussed in section UA. 

In Figure 5 an example of the microsequencer program 
block diagram is presented performing an event acquisition 
during the collider run. The program starts with the 
downloading of the chip numbers to the chips’ memories and 
readittg them back for the diagnostic purposes. This part of the 
program is executed only once. Then the Sequencer’s clock is 
shut off, waiting to be synchronized with the next beam 
crossing. After receiving the Start-Clock signal, the P&al 
Reset procedure is executed in which only the chip integrator 
is reset and the events sampled in the previous crossing are 
kept on the Sample&Hold capacitor. Then a check is made 
of the level of the C&S si@ 
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Fig. 4b. Threshold restoration process asynchronous to the 
beam crossing. The dashed lines show the time periods where 
the C&S was gated off by the TS. 

The operation of the SVXD chip is performed by an 
ensemble of timing signals generated by the Sequencer module 
in phase with the bunch crossing times regardless of the 
uneven spacing of alternate bunches. For this reason the 
Sequencer has to be synchronized with every beam crossing. 
The method also minimizes the impact of the jitter of the 
Sequencc~‘s intemal clock on the precise timing of the event 
and threshold integration times. The existing CBS signal 
provides this functionality but its timing was tuned to the 
requirements of the calorimetric subsystems. The operation 
of the SVXD chip requires longer times prior to the 
beginning of tbe integration cycle than the calorimeters For 
tbis reason a new synchronization signal, called SVX-Sync, 
is generated by the Master Clock. Tbe SVX-Sync is related 
to the next beam crossing and is generated shortly afler the 
previous crossing. 

L 

Fig. 5. The SVX DAQ Block Diagram - 

done of the microsequenWs Process Flag which ensures that 
the tbreshoid restoring process is executed only once per 
event. Ilte event sampling and the threshold cycles must be 
executed with the fidI knowledge of the beam crossing. In the 
fust case the beam crossing should appear inside the 
integration window and in the second one the integration must 
be performed between the beam crossings. The threshold 

‘Ihe process of the Sequencer’s synchronization with the 
restoring subprocess, shown in Fig. 4b, requires two beam 

beam crossing is performed in the following way (See Figure 
crossings to be performed with the con~tr& &fined above. 
The micmsequenc~ program inhibits the Stop-Clock sig& 

The presence of the C&S signal is an indication to 
integrate a new sample. When the integration cycle is finished 
the Seqwnoet’s internal clock is stopped by the Stop-Clock 
signal and the synchronization with the next beam crossing 
takes place. The following Start Clock signal enables the 
operation of the internal clock &in and the Partial Reset is 
performed There are 43 80 us micmsequencez’s instructions 
executed between the Star-Clock and Stop-Clock sequence. 
The total number of instructions in that cycle is shared 
between the Partial Reset and the Integration subprocesses and 
the exact numbers depend on a particular implementation. In 
one of them the integration time requires 19 of these 
instructions, and low noise constrainfs applied to the reset 
operation demand anotbcr 22 instnzstions. In the remaining 
two instn~otions the Start Clock and C&S signals are 
checked The Sequencer’s &lity to select and check the 
separate conditions on each microseqllencer irl.mnction allows 
us to execute the tilu event sampling cycle. 

The absenoc of the C&S signal indicates that the event 
stored during the previous crossing passed the Ll bigger and 
the event may be prepared for readout In this case a check is 



and the number of wedges. Based on the messorcments of the 
oonnection time and the word transfer rate, we expect for 6 
we&es the offset to be 140 ps and the slope to be 1.2 p’s per 
6 words. In Fig. 6 and Table 2 the results of the 
measurements of the SSP average scan times as a fimetion of 
the number of bits per wedge are shown. ne scan time is 
defined as the length of time that the SSP Done signal is in 
the false state. Tbe measurements agree with the estimates and 
confirmed the transfer rate of 200 us/word 

Table 2 

Predicted (Plain) and Masorcd (Ilalic) Values of the Sequencer 
and SSP Scan Times. [ox]. 

0 ’ , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
0 x.3 4m 800 em ma 3x0 ,403 ,Bm Ieca 2ooo 

Number of words per block 

Fig. 6. The SSP scan time of the Sequcnccr Event Memory 
blocks as a function of the number of words. The lines 
correspond to the readout times of different numbers of blocks. 

The SVXD chip has the ability to sparsify the data and read 
only channels above the threshold. The number of hits per 
interaction is a function of the following factors: event 

multiplicity, noise fluctuations on the threshold settings, 
number of low momentum spiral tracks and beam gas 
interactions. Simulation procedures for all these processes 
don’t exist at this time, but we estimate that the average 
occupancy should not exceed 10% of channels. We also 
expect this number to increase slowly as a function of the 
absorbed radiation dose by the detector components, mainly 
due to the increased number of noisy channels with high 
leakage current value that wilI result. 

If the total scan time exceeds 2 ms, there is an alternate 
scheme in which the SSP issues Done signal to the system 
when an event is stored in the Sequencer’s memory. While the 
SSP moves data from the Sequencer’s memoly, the 
miemseqllencer can execute tinther integration cycles to aqldrc 
new events. If the Level 2 trigger anives before data are 
moved from the Sequencer the event can be stored on the chip 
capacitors. Application of this method reduces the total seen 
time by hiding the scan time of the SSP. The number of 
ohanoels which can be read witbin 2 ms is equal to 30% in the 
fhxt scheme and SO% in the second one. 

VI. EXPERIENCE moM m DEVELOPMENT AND 
TESTING OF THE SVX READOUT ELECTRONICS 

Design, production and integration processes of the readout 
system of this scale arc major tasks. They involved the 
acq~~aintmtce with the detector geometry and the arobitectme of 
the CDF DAQ environment. The first task was to prepare the 
specification followed by the design of the readout 
components. The boards evolved through as many as 5 
revisions. Each revision offered the possibility of making 
changes to the design and adding features that can enhance the 
overall system performance. In the development of systems 
such as SVX it was important to use each opportunity in 
different phases to the fullest. Many of the system’s 
capabilities were not a part of the or@nal design specifications 
and arc present oniy through a close collaboration between 
physicists and cnginecrs. The people who are commissioning 
tbe SVX readout were involved in the project from the design 
specification stages. Some of them arc now evaluating and 
measuring the performance oftbe SVX detector. 

The other aspect of the integmtion process was to move the 
readout system from the test stand environment to the CDF 
DAQ system. The testing and diagnostic environment is 
usually a subset of the system that will be used for data 
acquisition. For the SVX project there were two types of test 
stands, both with a single Fastbus crate outfitted with a QPI, 
which were available in addition to the real DAQ system. The 
tint one WBS wed for testing the Sequencer, Controller and 
Digitizer modules. The other was a more complex system and 
was operated in the foil data acquisition mode Even with the 
special attention paid to the problems of moving from the test 
stands to the multi-crate Fastbus network in the detector 
building, several elusive problems were identified and the 
design revised 

Problems also showed up during the integation of all the 
SVX system components. As it is very easy to guess, but 



diftieult to implement, some of these problems could have 
been avoided or diminished by more tiequent if not daily 
commtmication between the collaborating institutions or 
indiviti. This experience is ofpatieular importance for new 
supercollaborations which are now being formed that express 
interest in close contacts with industry on the design and 
production work of the future detectors. 

VII. CONCLUSIONS 

The commissioning process of the Fastbus data acquisition 
system for the CDF Silicon Vertex Detector has been 
presented Different readout components of this system have 
been characterized. The methods of integration with the CDF 
DAQ system and the synchronization with the Tevatron beam 
crossings were described The performance ofthe SVX readout 
system was evaluated by measurements of the scan times and 
tie stability of the chip control signals. It was shown that by 
introduotion of four parallel readout chains and spar&i&ion of 
the data on the chip the SVX detector eao be read out within 
the limits imposed by the CDF dead time. 

The timing signals generated by the Sequencm’s internal 
clock can be adjusted by use of a vernier delay utility in steps 
smaller than the clock period The timing and stability of the 
delay settings were measured and the results indicate that this 

function performs very well. The standard deviation of the 
signals WBS better than Ins. The stability of the main clock 
was checked The number and timing of the microsequencer 
inshuotions which can be executed within beam crossing time 
were established The basic reset and integration cycles eao be 
implemented in 43 instructions and it takes 3438.630&.003ns 
to exeollte them. The system ftmctionlllity allows the wm to 
perform automated, precise and fast calibration and monitoring 
of the &tedor. 
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